Abstract. There is a growing body of research into Mobile Information and Entertainment Services in recent years. This study explored the effect of mobile service quality and its compatibility to mobile technology on users' perceived playfulness toward these services. Perceived Service Quality and Perceived Technology Compatibility were found to influence users' Perceived Playfulness. Furthermore, Perceived Technology Compatibility significantly mediated the relationship between Perceived Service Quality and Perceived Playfulness. This suggests that service attributes need to be aligned with mobile phone functionalities to enhance user's Perceived Playfulness. In addition, Perceived Usefulness, Ease of Use and Personalization were the three most important service quality aspects that influenced Perceived Playfulness.
Introduction
The introduction of real-time video-calling, Mobile TV, Multi Media Services and many other exciting offerings has seen the realization of faster mobile internet services through Third Generation Mobile Networking Technologies (3G). Among these services, mobile information and entertainment services (MIES) are gaining in popularity among mobile phone users [1] . With increasing popularity, companies providing MIES will therefore benefit from sound conceptual and empirical research that enhance the understanding of the factors critical to user acceptance of MIES. MIES can be defined as "the delivery of information and entertainment from specially formatted content sources (Internet sites, SMS, MMS, etc.) via the mobile telecommunication network to a mobile user".
Recent research has shown better service quality will lead to better acceptance of these services by users [2] . Methlie and Pedersen [3] suggested that there are two kinds of service attributes: intrinsic attributes and extrinsic attributes. While extrinsic attributes emerge from the networks that provide and use network services, intrinsic attributes refer to the inherent attributes of the service itself. This study focused on the intrinsic service attributes and treated Perceived Service Quality as a multidimensional construct that integrated these intrinsic service attributes.
Research into mobile internet to date has by and large focused on extrinsic use of these services (e.g. productivity and usefulness) and has largely ignored important intrinsic uses. To better understand users' acceptance of MIES, we argue that it is equally important to examine an intrinsic motivator "Perceived Playfulness". Several studies have demonstrated the importance of this construct especially in the wider internet context [4] as well as mobile internet services [5, 6] . This construct was proposed by Moon and Kim [7] based on the theory of flow. Flow has been an important theory when studying user intrinsic use of technology.
Mobile technology is the enabling force for the development of new mobile internet services. In the field of mobile commerce, mobile technologies have been a major research topic [1, 8] . Lu et al. [8] pointed out that the main problem can be attributed to the incompatibility between mobile devices and mobile data services.
In this study, we proposed Perceived Service Quality and Perceived Technology Compatibility as the two antecedents of Perceived Playfulness in the context of MIES. Perceived Service Quality was treated as a higher order factor formed by seven other intrinsic factors: Perceived Usefulness, Perceived Ease of Use, Content, Variety, Feedback, Experimentation and Personalization. The effect of the compatibility between service attributes and mobile phone functionalities on Perceived Playfulness was also tested.
Theoretical Perspective

Perceived Playfulness
According to Moon and Kim [7] , Perceived Playfulness can be defined as: "The extent to which the individual perceives that his or her attention is focused on the interaction with the World-Wide-Web; is curious during the interaction; and finds the interaction intrinsically enjoyable or interesting".
Based on the theory of Flow, they considered playfulness as an intrinsic belief or motive, which is shaped by the individual's experience with the environment. Flow represents an optimal experience when a person is unconsciously engaged in an activity such that s/he becomes so engrossed thereby losing the sense of self. Flow experience can usually occur in structured activities such as games, ritual events, sports, artistic performances and etc [9] .
Several researchers have studied perceived playfulness in the context of mobile internet services. In their study of four mobile services, Nysveen et al. [5] found enjoyment plays an important role in determining user acceptance of these services. Fang et al. [6] categorized mobile tasks that can be performed on handheld devices into three broad types: general task, transactional task and gaming task. They found Perceived Playfulness was significant when users perform gaming tasks. These results suggest Perceived Playfulness played a distinct role in user's favourable reception of mobile internet services.
Perceived Service Quality
Perceived Service Quality (PSQ) has been recognized as a major driver of satisfaction in mobile entertainment services [2] . In this study, Perceived Service Quality is proposed as a multidimensional second order construct that integrates intrinsic service attributes that were identified in literature on intrinsic motivators and mobile commerce. This construct assembles the core values that encourage users to develop positive image toward MIES and most likely lead to the adoption of these services. Table 1 presents these first order factors. Services Quality [20] nature ships am -order fact utually reinforcing [21] . These factors c ntribute r-order structure, which can more rsimoniously explain a complex construct. Given that users are likely to place if ved Technology Compatibility (PTC) is proposed based on Lu et al's [23] work. PTC is defined as "the perceived degree of integration ent services and mobile phones". Given le phones is a means of satisfying user
In terms of the of PSQ as a second order unitary construct, the relation ong the first umulatively co ors should be m to a unitary highe pa d ferent weights on the seven factors, the importance assigned to each factor is proposed to influence PSQ in a formative fashion. According to Chin [22] , a change in any first order factor does not necessarily imply a similar directional change in others for a formative model.
Perceived Technology Compatibility
A new construct called Percei between mobile information and entertainm that enhancing the functionalities of mobi requirements, it is more appropriate to look at the compatibility between MIES and mobile phones.
The impact of system characteristics has been widely recognized in studies on technology user acceptance [24, 25] . Studies on the effects of system characteristics on intrinsic motivators can be traced back to Trevino and Webster [12] . A positive influence of perceived technology characteristics on flow was found in their study. W Improving user satisfaction is the ultimate goal of improving application performance on wireless devices [8] . Lin et al. [26] incorporated Perceived Playfulness in to the pectation and perceived performance would lead to Perceived Playfulness which in turn drove sed on building a strategic model rat ebster et al. [19] suggested users' perceptions of the program's flexibility and modifiability may contribute to flow experience. The result indicated that if the functionalities of a technology were more aligned with users' needs it would facilitate their experiences of flow. Similarly, Agarwal and Karahanna [11] reported that technologies perceived to be compatible with various aspects of individual's experiences and work styles were likely to induce feelings of familiarity and positive affect.
The Mediating Effect of Perceived Technology Compatibility
expectation-confirmation theory and found the confirmation of ex user's satisfaction. However, perceived hardware and software functionalities have been identified as one of the main perceived obstacles by mobile users [10, 27] . According to Levy [28] , the overall performance requirements have raised users' expectations about digital entertainment services, which included mobile phones. Ironically, users expecting more from their phones were influenced by the extensive marketing campaigns of service providers. Koivisto and Urbaczewski [29] found inconsistent quality of services perceived and delivered caused stress and discomfort when users interacted with mobile internet services.
Most research conducted on mobile internet elaborated on technology requirements without discussing important end-user needs. Kettinger and Lee [30] presented a model where gaps can occur between IT services delivered and user's perception of the service expected. However, their study was focu her than on IT-User relationship. In his study of human computer interaction, Te'eni [31] pointed out perceived complexities always existed as an intermediate variable between users' perception of the system and system itself. Two variables, mode of presentation and number of windows, were examined in his study. His findings suggested the congruence between user's perception and the functionalities offered would subsequently impact on outcome. Their study further pointed out that the usefulness of information/system characteristics perceived by users is a major component in the formation of perceived complexities. Mobile phones serve as the entry point for users to interact with MIES. If their perceived compatibility between MIES and mobile phone is consistent with their expectation, it will reinforce a positive image of MIES. Thus, the intermediate role of Perceived Technology Compatibility stimulated our interest to test its mediating effect between Perceived Service Quality and Perceived Playfulness in the MIES context. If the mediating effect is significant, the influence of Perceived Service Quality on Perceived Playfulness will be lessened significantly in the presence of Perceived Technology Compatibility.
Development of the Research Model and Hypotheses
From the discussion above, the research model in Fig 1 is proposed. Note that Perceived Service Quality is proposed as a second order formative factor (H1). Both Perceived Service Quality (H2) and Perceived Technology Compatibility (H3a and H3b) are proposed to exert significant influences over Perceived Playfulness. However, the latter also serves to be a mediating factor which mediates the effect of Perceived Service Quality on Perceived Playfulness (H3c). 
Research Design
The sample consisted of university students who attend information system and business lectures at a university. Students from six classes were invited to do the questionnaires. A total of 186 questionnaires were returned. Incomplete questionnaires were discarded, leaving 149 usable samples. The participants were 99 males and 55 females. In terms of phone categories, about 60% of all the respondents specified they have WAP-enabled mobile phone or GPRS phone. Respondents holding a 3G mobile phone came second in the list, with a significant proportion of 12% among the respondents. Users of the CDMA mobile phone are relatively few, only 7% compared to other phone categories.
In terms of measurement, all items were constructed as agree-disagree statements on a seven-point Likert scale. A small pilot study was conducted and some items revised on the basis of pilot. The measures were adapted from various sources in the literature [4, 7, 14, 16, 19, 23, 32] .
Data Analysis and Results
The data analysis technique employed in this study is Partial Least Squares (PLS). The PLS approach provides a means for directly estimating latent variable component scores as well as estimate formative constructs using component-based algorithms [22] .
Measurement Validation
To measure internal consistency of a given block of indicators, internal composite reliability (ICR) scores were obtained through PLS-GRAPH to assess the reliabilities of each latent variable. All latent variables in our model have internal consistencies greater than 0.7 which indicates all constructs have high reliabilities [33] . At the same time, the average variance extracted (AVE) of each latent variable in our model is more than 0.50, which is deemed satisfactory [33] . All measures exhibited high convergent validity with t-values of loadings above 1.96 [34] and high discriminant validities through bootstrap re-sampling [33] .
Further, the results obtained show all PSQ indicators have a coefficient significantly different from zero (p<0.01), with a minimum t-value of 5.0293 [35] . It has also been noticed that the first two measures and the last measure of PTC (PTC1, PTC2 and PTC 10) and the second measure of PP (PP2) exhibit very low loadings. As a result, PTC1, PTC2 and PTC 10 and PP2 were eliminated in the revised model. The test of PSQ was carried out with the same set of tests in Chin [22] and Pavlou and El Sawy [21] . Since PSQ is formative in nature, each first order factor represents an aspect of PSQ. Therefore, low correlations among first order factors are expected [36] . The correlations between those first order factors and PSQ were tested. The results indicate all first order factors are highly correlated with PSQ (p<0.01).
The Structural Model
The direct influence of PSQ has a significant impact on PP (β=0.719; t=15.7557), as shown in Fig 2(a) . Similarly, in Fig 2(b) , PTC also significantly influences PP. To validate the key mediating role of PTC, three competing models were compared. The mediation test strictly followed the guidelines provided in Baron and Kenny [37] . In  Fig 2 (a) , a strong and positive impact of PSQ on PP was shown. In terms of variance explained, PSQ predicts 51.3% of variances in PP (R²=0.513). Theses provide support for Hypothesis 1 and 2.
Next, PTC was introduced as a mediating factor between PSQ and PP. As Fig 2(c) attests, the second model mediated by PTC is superior to the first model in terms of variance explained. The model with both PTC and PSQ has a R² value of 0.539 which is better than the first two models illustrating this model provides a richer picture for describing users' PP. Also, although the effect of PSQ on PP was still significant, the strength of the effect was reduced (from β=0.719; t=15.7557 to β=0.562; t=5.4401), thus H2c is partially supported. This outcome was expected because its influence on PP is mediated by PTC. Furthermore, the significant impact of PSQ on PTC and PP also provides evidence of external validities for PSQ as a formative second order construct [35] .
Fig. 2. Mediating Role of Perceived Technology Compatibility
Discussion and Conclusion
In this study, PSQ as a higher order factor has been validated in this studyanswering Hypothesis 1. It also significantly impacts on PP. Thus Hypothesis 2 is supported. To probe deeper into the nature of PSQ, this study tested its underlying factors. Our findings suggest Perceived Usefulness, Ease of Use and Personalization with relatively higher path magnitudes are the major determinants of PSQ. To create a positive image of MIES for mobile phone users, service providers should focus on improving the usefulness and ease of use of current MIES service offerings. More importantly, they should explore the opportunities to offer more personalized services. Current practice among service providers seems to be offering one for all standard wireless portals for MIES (e.g. Vodafone Live!). Other dimensions of PSQ such as Content, Variety, and Experimentation are all significantly related to Perceived Service Quality. However, they do not weigh as importantly as Perceived Usefulness, Ease of Use and Personalization. This study empirically tested all these factors and provides evidence of the existence of this latent construct. It indicates the user forms an overall perception of service quality toward MIES rather than an attitude based on a single service attribute.
It is noteworthy that PTC mediates the effect of PSQ on PP. The indirect effect of PSQ on PP via PTC provides empirical support for this. Therefore, hypotheses 3a, 3b were supported, whereas 3c is partially supported. The implication of this is that although users may have higher PSQ of MIES and may experience higher PP, this has less significant effect on PP than the effects mediated by PTC. This suggests service providers should emphasize provision of seamless MIES experience through closely integrated mobile phone functionalities and services. While many researchers investigated the direct impacts of service and technology factors in parallel on intention to use mobile internet services [1, 3, 10] , this study provides empirical evidence that PTC mediates the impacts of PSQ on PP.
The most apparent limitation of this study is its cross-sectional nature and the use of a convenience sample. Thus, caution must be exercised when generalizing the findings. This study also focused on the perception of mobile information and entertainment services, but did not examine the adoption of these services. Therefore, the significance of PP in the context of MIES adoption was not examined. Future research on this can shed new light on user adoption of MIES.
In terms of services, Perceived Usefulness, Ease of Use and Personalization are the three most important service quality aspects that influence Perceived Playfulness. Therefore, service providers need to provide useful, user-friendly, and personalized MIES for users. Current practice among service providers seems to be providing a "one site for all" wireless portal. Smyth and Cotter [38] pointed out the need for Personalization to overcome this problem. On the other hand, the existence of PSQ as a second order construct indicates users form overall service quality perceptions rather than judging on the basis of any single service aspect. One of this study's primary contributions is the mediating role of PTC. In the presence of this construct, the significance of PSQ on PP dropped considerably. As Fang et al. [6] attested, service providers need to consider the effect of different tasks and user needs in interface design. Many researchers investigated the direct impacts of service and technological attributes on user's perception and overlooked the interaction between these two factors. This research suggests it is important to pay closer attention to this area.
